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Federal Communications Commission
WASHINGTON, D.C. 20554

In the Matter of

Amendment of the Commission’s Rules to
Establish Rules and Policies Pertaining to a
Mobile-Satellite Service in the 1610-1626.5/
2483.5-2500 MHz Frequency Bands

CC Docket No. 92-166

5
N NI N A S

To: The Commission

SUPPLEMENT TO PETITION
FOR FURTHER RECONSIDERATION

TRW Inc. (“TRW?”), by its attorneys, hereby supplements its Petition for
Further Reconsideration, filed April 11, 1996 (“Petition”), and its Reply, filed May 30,
1996, in the above-captioned proceeding. This supplement provides critical information
about events that have occurred in recent weeks that are directly relevant to the subject of
TRW?s Petition for Further Reconsideration, and brings the record of this proceeding up to
date with respect to the current status of negotiations concerning the future operation of the
Russian Global Navigation Satellite System (“GLONASS”). It is axiomatic that the extent
to which the operations of GLONASS — both in the band 1610-1626.5 MHz in the near

term, and in proximate bands upon reconfiguration and potential incorporation into the
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Global Navigation Satellite System (“GNSS”) — will have a direct impact on TRW’s use of
spectrum in the 1610 to 1626.5 MHz frequency bands to provide Mobile-Satellite Service
(“MSS™).

TRW’s Petition urged the Commission to maintain the interim spectrum
sharing plan for MSS systems operating in the frequency bands at 1610 to 1626.5 MHz
(“MSS Above 1 GHz Service”), which the Commission had adopted in November 1994,
until uncertainties over the potential near term impact of GLONASS operations on this MSS
spectrum were resolved, and a definitive timetable was adopted to limit GLONASS to
frequencies that would not impinge upon MSS operations in the band 1610-1626.5 MHz.
TRW’s Petition responded to the Commission’s decision on reconsideration to remove the
interim plan without pointing to any change in the circumstances that led to the initial
imposition of the plan.

As demonstrated herein, the need for the interim band sharing plan has
become even more acure in recent weeks. The plans for GLONASS currently being
advanced by the Russian Federation contemplate more severe and longer lasting restrictions
on MSS use of this spectrum than even those originally envisioned when the Commission
adopted the interim plan. Resolution of this issue does not appear imminent, and it is likely
that any negotiated accommodation will require restrictions on MSS use of the 1610-1626.5
MHz spectrum during rhe period prior to the year 2005. For these reasons, the Commission

should reinstate the interim band sharing plan for the MSS Above 1 GHz Service.
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BACKGROUND

In its initial Report & Order in CC Docket 92-166, the Commission concluded

that it was necessary to adopt an interim spectrum sharing plan for MSS in the 1610-
1626.5 MHz band because of uncertainties concerning spectrum use by the GLONASS
system and its impact upon the MSS Above 1 GHz Service. The Commission recogmzed
that use of GLONASS in conjunction with the U.S. Global Positioning System (“GPS”) to
provide aircraft precision approach and terminal communications could preclude co-
frequency operation of non-geostationary MSS transmitters due to the strong potential for
interference with GLONASS mobile receivers.l’ The Commission further concluded that,
although the exact spectrum requirements for GLONASS were undetermined, in the event
that GLONASS did not move to bands below 1606 MHz before the first MSS satellites were
launched, there would be a clear need for a transitional spectrum use plan for MSS until
there was no further possibility of conflict with GLONASS.?

In an effort to prevent the burden of GLONASS constraints on this spectrum
from falling more heavily upon the MSS systems operating in the lower portion of the 1610-

1626.5 MHz band, the Commission adopted its interim band sharing plan as a means of

- See Amendment of the Commission’s Rules to Establish Rules and Policies Pertaining to a
Mobile Satellite Service in the 1610-1626.5/2483.5-2500 MHz Frequency Bands, 9 FCC
Red 5936, 5956 (9 49) (1994) (“Big LEO R&0O”).

2 See Big LEO R&O, 9 FCC Red at 5957 (] 49).
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equitably apportioning the short-term encumbrance on the spectrum among the system
operators.¥ Despite the uncertainties relating to the need for this plan, the Commission
expressed optimism “that these measures will not be necessary or, if they are, that the effect
on the MSS industry will not be significant given their short term nature and the anticipated
incremental implementation of the Big LEO service.”¥

In its Memorandum Opinion & Order on reconsideration, the Commission

diametrically changed its course. Although there had been no change in the underlying
circumstances relating to GLONASS that initially prompted it to adopt the interim plan, the
Commission decided to abandon its original approach “given the substantial uncertainty as
to whether protection of GLONASS will ever be necessary in any configuration other than
its final configuration at frequencies below 1606 MHz . . ¥ This determination was based,
in significant part, upon contentions by LQL and Motorola that an interim plan should only
be adopted after protection criteria are developed for GLONASS receivers by the
responsible advisory committee to the Federal Aviation Administration (“FAA”).% The

Commission reasoned rhat the interim sharing plan was not then necessary to protect

¥ See id. at 5959 (1 53).
4/ Ld

2 See Amendment of the Commission’s Rules to Establish Rules and Policies Pertaining to a
Mobile Satellite Service in the 1610-1626.5/2483.5-2500 MHz Frequency Band, 11 FCC
Red 12861, 12865 (] 14) (1996) (“Big LEO Recon. Order”).

2 See Big LEO Recon. Order, 11 FCC Rced at 12865 (f 13).
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GLONASS operations in the United States because GLONASS had not been incorporated
into or accepted as part of the overall Global Navigation Satellite System (“GNSS”), either
domestically or by the International Civil Aviation Organization (“ICAO”).

TRW sought reconsideration of this decision because the Commission offered
no justification for its policy reversal — absolutely nothing had changed to indicate a more
promising outlook for resolution of the GLONASS sharing issues that initially prompted the
Commission to adopt is interim sharing plan in November 1994. As TRW then noted, “[a]ll

of the uncertainties notzd by the Commission in the Big LEO R&O as to when, if ever, the

transition in GLONASS operations would occur remain, and the out-of-band emission
restrictions to be imposed are no closer to being resolved than they were 18 months ago.””

In the intervening year since TRW sought reconsideration, and especially in
the last few weeks, the uncertainties cited by TRW have deepened. It has become
increasingly clear that the Commission’s desire for a resolution of these issues without the
need for a provisional spectrum sharing plan has been thwarted. As detailed further below,
the asserted operational limitations necessary to protect GLONASS have actually become
more onerous than those initially assumed by the Commission; and there now appears to be
little likelihood that MSS systems can meaningfully begin operation without the

implementation of the Commission’s interim band plan.

¥ia

Petition of TRW Inc. for Further Reconsideration, CC Docket No. 92-166, at 5-6 (filed
April 11, 1996).
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RECENT DEVELOPMENTS

Since the Commission’s implicit conclusion that the GLONASS system was
likely to be reconfigured for use of frequencies exclusively below 1606 MHz before MSS
mobile earth stations (“MESs”) begin operating in the 1610-1626.5 MHz frequency band,
discussions have continued within various bodies looking toward an agreement on the MES
operating characteristics sufficient to protect GLONASS operations, as well as the timetable
for the movement of GLONASS below the 1610-1626.5 MHz band. While the United
States and the Russian Federation are attempting to coordinate the functioning of these two
uses under the auspices of the International Telecommunication Union (“ITU”), separate
groups within both the U.S. and ICAO are also considering the appropriate standard for out-
of-band emissions limitations on MSS MES terminals.

Based on the most recent communiques among the U.S. State Department, the
Russian Ministry of Posts and Telecommunications (“Russian MPT”) and the FCC, the
protection requirements for GLONASS being requested by the Russians are substantially
more stringent than once anticipated, while at the same time, the current proposals to move
the GLONASS service outside the MSS bands contemplate a timetable that is inconsistent

with the hopeful aspirztions expressed by the Commission in the Big LEOQ Recon. Order.

Specifically, in its most recent correspondence to the FCC’s International Notifications
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Branch, the Russian MP'T has proposed the following dates for GLONASS operations above

1610 MHz:
Present - January 1, 1999 Up to 1620.61 MHz
January 1, 1999 - January 1, 2005 Up to 1614.4225 MHz
After January 1, 2005 Up to 1610.485 MHz

See Attachment 1 hereto, Letter from V. Ivanov, First Deputy Director, General State
Supervisory Departmert for Communications in the Russian Federation, Ministry of Posts
and Telecommunications, to Notifications Branch, FCC, dated January 28, 1997. Indeed, in
more recent documents submitted to the ITU, the Russian administration has suggested even
more extensive GLONASS spectrum demands ranging up to 1623 MHz for the period
ending January 1, 1999 and up to 1615 MHz until the year 2008. See Attachment 2 hereto,
Document SG8D/SRG/5 (and Corr. 1), “Protection of Receivers in the Radionavigation-
Satellite Service Systems From Interference Produced By Earth Stations In Mobile-Satellite
Service Systems,” dated March 4-6, 1997. This same paper proposes GLONASS operation
extending up to 1610 MHz even after 2008.

Moreover, regardless of the appropriate transition periods to lower
frequencies, the Russian MPT suggests that it is necessary during each of these periods (and
beyond) to limit out-oi-band emissions from MSS mobile earth stations to -70 dBW/1 MHz

in the bands where GLONASS continues to operate. This emissions parameter is
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substantially more restrictive than the level believed sufficient by U.S. MSS systems, and
could significantly impede the development of MSS, if adopted.

At the sarae time that coordination discussions have been taking place through
the ITU, U.S. and international aviation bodies have been engaged in evaluation of the
GLONASS system for inclusion in the overall GNSS system. In these proceedings, the U.S.
aviation community has strongly supported protections that, while less audacious than the
Russian proposals, would nonetheless limit MSS band use for an extended transition period.
For example, a recent draft paper circulated by these interests within ICAO suggests that
GLONASS should operate up to approximately 1609 MHz through the year 2005 with an
additional guardband above the 1610 band edge ¥

TRW believes that a tolerable compromise between the views of the aviation
community and the licensed MSS systems can ultimately be reached. In view of the
expansive GLONASS requirements being asserted by the Russians, however, the view
advanced in the ICAO documents may be the most likely scenario for near-term

implementation of MSS. Yet even under this plan, there is no question that a transitional

Recently, the circumstances regarding interservice sharing in this portion of the L-Band
have been further complicated by Motorola’s decision to seek FCC approval to provide
aeronautical mobile-satellite (route) service (“AMS(R)S”) using its Iridium MSS system.
See Application of Motorola Satellite Communications, Inc., File No. 18-SAT-ML-87
(filed December 4, 1996). This proposal raises additional interference and spectrum issues
that must be ccnsidered along with the GLONASS/MSS sharing situation.
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spectrum sharing approach along the lines of the original interim band plan will be necessary.
The Commission’s decision to rescind its initial adoption of the interim plan
was premised on the belief that GLONASS was quite likely to move entirely to frequencies
below 1606 MHz prior to MSS implementation. Because recent events have made prospects
for realizing this hopeful scenario slimmer than ever before, the interim plan is more
necessary now than when it was initially conceived and approved by the Commission.
Accordingly, the Commaission should reinstitute its interim band sharing plan for the 1610 to

1626.5 MHz band at this time.

CONCLUSION

Based or the foregoing facts, as well as the arguments made previously in
TRW’s Petition for Further Reconsideration, there is no doubt that the original interim band

plan remains a necessary aspect of the Commission’s plan for implementation of MSS
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Above 1 GHz Service, and should therefore be reinstated expeditiously to ensure that this

new service can be initiated in an orderly and equitable manner.

Respectfully submitted,

TRW Inc.

o e, .

Norman P. Leventhal
Stephen D. Baruch
David S. Keir

Leventhal, Senter & Lerman
2000 K Street, N.W.

Suite 600

Washington, D.C. 20006
(202) 429-8970

March 27, 1997 Its Attorneys
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FOR AGENDA #3304 S5G~14483

GENERAL STATE SUPERVISORY DEPARTMENT
FOR COMMUNICATIONS IN THE RUSSIAN FEDERATION
Ministry of Posts and Telscommunications-

7, Tverskaya 3t., Moscow 101375
Phone: +7(095)201 8458 Fax: +7(098)200 3230 Telex: 412961 Y MTIG SU MNSV

N OMPZ-50/ _ 00851 28 - Jamuary 1897

Notlfications Branch

Federal Communication Commissicn
1919 M Sireet, N.W.

Wauhingwn, D.C. 20554

Urnited Startes

Fax: +1 201 418 1248
+1 202 418 0358

Suhfess: Complmon of coordination between GLONASS-M and HIBLEO-1, -,
<4, <& networks and between CGLONASS-M and radio astrenomy ssrvice
sr.ano"u

Referenpe: 1. Summary Record eof the cocrdination meeting betwesn the
A.dmmgxitmions of the USA and Russia, Washington D.C., Septerber 26-
10, 19
2. BCC fax M 800-C2 of 17.10.96

Dcar Sirs,

The Russian Administration has studied your fax (ret 2) and informs you of the
following.

1. In the fax you interpret p.. 3 of the Sumrmary Record regudma completion of
coordinatica between GLONASS-M and HIBLEO-I, -2, -4, -§ as applicabic to
territanies of Russia, USA and other countriss.

Taking inta account the globa! nature of the use of GLONASS-M and HIBLEO-!, -2,
~4, -5, we think {t necessary to consider this problem in terms of coordination between
the Administrations of Telecommunications of the Russian Federation and the USA.

2. We sgres to complets stage-by-stage coordination betwees GLONASS-M aad
HIBLEO-L, -2, -4, -§ networks and between GLONASS-M and radie astronomy
service stations basing on the following conditicns:

8) Present to January [, 15§95:

¢ the satellitz network GLONASS-M may use the nominal frequencies (frequency
channglis) M -7...+12 and 22, 23 and 24; nomina! frequency channels 13, 14 and 2!
will be used under exceptional circumstances. GLONASS satallizes to launch at this
and subsequent stages will be equipped with filters limiting out-of-band emissions in

igoo2
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the band 1660-1670 MHz to the level -238 dBW/mi/Hz as specified in
Recommendation ITU-R 769, which cnsures interfereless operation of radic
ast-onomy service stations. Incidentally the GLONASS-M frequencies in the 1.6
GEz band will be 1552.9525-1620.61 MHz;

o HIBLEOC-1, -2, -4, -5 satellite nerworks may use the band 1620.61-1626.6 MHz,
provided the level of aut-of-band ercissions of the Earth transmit subscriber stations
in 1592.9525-1620.61 MHz i5 limited to -70 dBW/1 MHz.

b) Jaruaxy 1, 1999 to Ja.nuar; 1, 2008.

o GLONASS-M satellite network may use the gominal frequencies ({requency
chapnel) M -7..+12; channel 13 will be used under exceptienal circumstances.
[ncidentally, the GLONASS-M occupied bandwidth in the bard 1.6 GHz will be
1552,9525-16j4.4225 MHz;

« HIBLEOQ-l, -2, -4, -§ satellite nerworks may use the bendwidth 1614.4225-1626.3
MHz prowded the level of cut-of-band smissions of the earth transmit subscriber
stations in 1592.9525-1614.4225 MHz is limited to -70 dBW/! MHz,

¢) From January 1, 2005 and further:

GLONASS-M satellitz netwerks may use the nominal frequencies (fraquency channels)
N 7..+4; channels +5 and +6 (carriers 1604.3125 MHz and 1605.3750 MH2z) will be
used only as techrical channels during pericds of insertion inte orbit and tests), the
satellite being over the terzitory cof the Russian Federation, The GLONASS satellites to
be launched at this stage- with a purpose of protection of radio astronomy servics
stations will be equipped with filters reducing oui-of-band emissions in the band
1610.6-1613.8 MHz 10 the level <237 dBW/m?/Hz is gven in the ITU
Recommendation 769.

In this case the total GLONASS-M occupied dbandwidth in the band 1.6 CH. will be
1592.5425-1610.48% MHz;

o gatelite neworks HIBLEO-1I, -2, -4, -5 may use the bandwidth 1610.0-1626.§ MHz
provided tlie lavel of out-of-Band emissions of the ecarth transmit subscriber staticns
in. the band 1592.9525-1610.0 MHz is limited to -70 dBW/| MHz.

{n case the American side sgrzes to the stage-by-stage compietion of coerdination
berwesg HIBLEOQ-L, -2, -4, -§ and GLONASS-M and between GLONASS-M and the
USA radio astronomy service stations under the above said conditioms; the USA
Administraticn of Telecommunications shall send its official acknowledgement to the
Administraticn of Telecommunications of the Russian Federation.

Aftar thar it ‘~ll be possible to inform ITU RB about *he rase-by-sqe compiction of
¢oordinaticn berwesn the satellize networks HIBLEO-1, -2, -4, -5 and satellits network
GLONASS- M,

Sincerely yours, ‘—_W‘ VIvanev

First Deputy Directer
Professor

@003
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INTERNATIONAL TELECOMMUNICATION UNION

Corr. 1 to
RADIOCOMMUNICATION Document SG8D/SRG/5
STUDY GROUPS 4-6 March 1997

Original: Russian\English

Source: Circular Letter S/LCCE/40
Subject: Question ITU-R 210/8

Russian Federation
PROTECTION OF RECEIVERS IN THE RADIONAVIGATION-SATELLITE
SERVICE SYSTEMS FROM INTERFERENCE PRODUCED BY EARTH STATIONS
IN MOBILE-SATELLITE SERVICE SYSTEMS

Introduction

Working Party 8D's Sixth Mesting (Geneva. 29 October - 8 November [996) set
up a Special Rapporizurs Group tc assist in the preparation of a draft new
Recommendation “Essenial Technical Requirements of Mobile Earth Stations for Non-
Geostationary Mobile-Satellite Service in the Bands | - 3 GHz". The Draft proooses
requirements for Mobile Earth Stations (MES) that affect interesis of users in the
Radionavigation-Satallite Service (RNSS) systems.

The Sixth Meeting also adoptad Draft New Question “Spurious Emission Limits”
(Doc.8D/TEMP/100(Rev. 1)) that includes, in particular, determination of practical
spurious emission levels that can be achieved by the Mobile-Satellite Service in its various
bands. The studies of this Questicn should be conducted with appropriate regards of
requirements for MES unwanted emissions defined in the discussed preliminary draft nsw
Recommendation.

The document prasented by the Russian Federation deals with justification of
limitations required for MES operation and includes proposals for modification of the
preliminary draft new Recommendation.

1. Regulatory Provisions Related to Protection of the RNSS Systems

Systems in the Radionavigation Service including Radionavigation-Satellite Service
(RNSS) provide navigation support for aeronautical, maritime and land users and the
systems constitute one of the essential elements for ensuring safety of their traffic. The
ITU's Radio Regulations (RR) provisions grant them specific protection from interference
emissions from stations of other servicss.

S4.10 (RR 953) stajes that:

“ Members recognize that the safety aspects of radionavigation and other safety

services require special  measures to ensure their freedom from harmful
interfersnce; it is necessary thersfore to take this factor into account in the
assignment and use of frequencies”

Since unwanted emissions produced by newly notified in the [TU stations of other
radioservices (MSS including) to which adjacent bands are allocated could have potential
of harmful interference to the RNSS systems which arz already operate and wers
praviously notified at the [TU then it should be taken into consideration that subject o
S4.5(RR 343):

"The frequency assignad 10 a station of a given service shall be separated from the

limits of the band atlocatad to this service in such a way that, taking account of

the fraquency band assigned to a siation.  no harmiul interferance is caused to
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2. The Problems of Sharing between RNSS and MSS

WARC-92 allocated additional bands for MSS in certain frequency ranges.
Specificallv, such allocations were made on a primary basis in the frequency band 1610 -
1626.5 MHz (Earth-to-space) in all the three Regions. At the time of those allocations in
the 1.6 GHz band two global satellite systems (GPS and GLONASS) were notified at the
ITU and operated within the framework of the RNSS. When the frequency bands were
allocated for the MSS the conditions for sharing between MESs and the RNSS receivers
had not been specified ultimately.

Due to a global nature of the RNSS and MSS systems as well as availability of
mobile users it is not practical to maintain coordination distances between them.
Employment of omnidirectional antennas in the systems of those services excludes
interference spatial discrimination. Such a position resulted in requirement for working
out limitations and specifications on the MES operation in the frequency bands used by
the RNSS systems.

GPS and GLONASS systems now operating in the RNSS need protection from the
MESs emissions. I: should be mentioned that GPS system receivers could be affected only
by MES unwantec emissions. [n contrast, interference to the GLONASS receivers could
be produced both by basic (during co-frequency operation) and by unwanted (during
operation in unoverlapping frequency bands) MES emissions. Thus the problem of sharing
between the GLOINASS system and the MSS systems is more pressing and only this system
will be discussed hareafter .

3. Primary Directions of the GLONASS System Development

The GLONASS system was registered at the [TU in 1988 and formally brought
into regular opera:ion in 1993.

In 1988 th: Soviet Union made a proposal to the International Civil Aviation
Organization (ICAQO) offering an international applications of the GLONASS system
navigation sphere.

In March 1996 the 147-th Session of the ICAO Council decided to incorporate the
GLONASS system as part of the advanced international Global Navigation Satellite
System (GNSS).

Estimations undertaken by the ICAO experts (GNSS Panel) showed that only joint
operation of GLONASS and GPS systems within the GNSS could ensure high-precision
position-fixing with concurrent required integrity of the GNSS as essential provision for
flight safety.

In addition to application of the GLONASS system for aeronautical navigation it is
also planned for operation to ensure navigation of maritime and land mobile users. Now
Russian Federation undertakes harmonization of standards being developed by the
International Maritime Radiotechnical Commission (RTCM) at the International
Maritime Organization (IMO) to operate differential GLONASS and GPS systems for
maritime navigation.

To provide electromagnetic compatibility of the GLONASS system in the 1.6 GHz
band with the Radioastronomy and Mobile-Satellite Services the GLONASS System
Frequency Plan is now under modification. The modification is to be undertaken in three
stages [1].

Up to 1999 the GLONASS system will use operational channels labeled 0...12 and
22...24. Channels labeled 13, 14 and 2! (carrier frequencies 1609.3125 MHz, 1609.875 MHz
and 1613.8125 MHz) will be used only on an exceptional basis. Besides, replacement
satellites will operate channels labeled (-7) ... (-1) (carrier frequencies from 1598.0625 MHz
to 1601.4375 MHz). The total band of operational frequencies used by the GLONASS
system at the stage will be 1597.5115 - 1616.011 MHz for Standard Accuracy Signal (SAS)
and 1507 032521620 A1 M H7 for Precision Accuracy Sivnal (PAS).
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At the second stage (1999 - 2005) channels labeled 0...12 will be used in the
GLONASS system. Channel labeled 13 (carrier frequency 1609.3125 MHz) will be used
only on exceptional basis. Replacement satellite would also operate in channels labeled
(-7) ...(-1). The total band of operational frequencies used by the GLONASS system at the
stage will be 1597.5115 - 1609.261 MHz for SAS-signal and 1592 9525 - 1613.86 MHz for
PAS -signal.

After 2005 the GLONASS system will use channels labeled (-7)...4. Channels
labeled 5 and 6 (carrier frequencies 1604.8125 MHz and 1605.3750 MHz) would be used as
technical channels (for launch and tests) when satellites are over the Russian territory. The
total band of operational frequencies used by the GLONASS system at the stage will be
1597.5115-1604.761 MHz for SAS-signal and 1592.9525 - 1609.36 MHz for PAS-signal.

Up to 2005 existed would be the overlapping of the frequency bands allocated to
the MSS systems and used by the GLONASS system (1610-1620.61 MHz up to 1999 and
1610-1613.86 MHz up to 2005) with probability of causing interference to GLONASS
receivers from primary MES emissions. After 2005 GLONASS receivers would be affected
by interference originated from unwanted MSS earth stations emissions in the course of
operation in unin:ersecting frequency bands. Thus requirements emerge to limit primary
and unwanted MES emissions for protecting GLONASS receijvers.

4. Justification of Required limitations for MES emissions

4.1. Probable Scenarios of Interference

To estimate probable interference from MSS earth stations the following scenarios
of GLONASS receivers operation by aeronautical, maritime and land users were
considered.

For Aeronautical Users

Based on the GNSS concept the navigation support tasks would be solved at [2]:
e en-route and pre-approach area flight;

e non-precision and categorized approach.

Table |
Specifications for Navigation Aids application
Flight stages to be supported by the GNSS Minimal References
altitude, m

En-route flight 150 (3]
Pre-approach zor.e flight 150 [3]

Approach and landing

e non-precision 76.0 4]

o categorized ( Category I) 61.0 (4]

Analysis of data shown in Table | results in identifying probable interference
scenarios emerging in the course of GNSS and MSS systems operation.

Scenario |

During an aircraft en-route flight at the minimal altitude MSS single users may stay
at a distance of up to 150 m from the aircraft (e.g.. when roads or small inhabited areas are
[ocated directly mdex the aircraft path). In such a case the GLONASS receiver antenna

S 1AL SN AD L tha dicantian AF tha intarference ciunal



Scenario 2

When flying in an approach zone at the minimal altitude an aircraft may maneuver
(roll angle would be + 25° and pitch angle would be -1°...+5°). In such a case MSS single
users mav stay at a distance of up to 150 m from the aircraft, The GLONASS user
terminal antenna gain in the direction to an interference signal is 0 dB.

Scenario 3

When an ai-craft performs a non-precision approach MSS single users may stay at a
distance of up to 75 m from the aircraft (e.g.. when roads are directly below the
approaching aircraft path). The GLONASS user terminal antenna gain in the direction to
an interference signal is minus 6 dB.

Scenario 4

When an aircraft performs a categorized approach (Category 1) MSS single users
may stay at a distance of up to 60 m from the aircraft (e.g., when roads are directly below
the approaching aircraft path). The GLONASS user terminal antenna gain in the direction
to an interference signal is minus 6 dB.

A probable scenario could feature a MES operating aboard an aircraft navigating
by means of a GLLONASS receiver. In such cases electromagnetic compatibility between
those devices should be related to intraobject compatibility of on-board avionics
equipment and the present contribution does not consider such an interference scenario.

For Maritime Users

Estimation of probable interference from MESs to GLONASS receivers located in
maritime ships features a scenario when a MSS earth station operates aboard a ship
navigating with a GLONASS receiver. [t was assumed that distance between the
GLONASS receiver antenna installed at a mast and the MSS user on the ship deck was 50
meters. The GLONASS user terminal antenna gain in the direction to an interference
signal is minus 6 dB.

For Land Users

For GLCNASS land wusers an interference scenario assumed a car-based
GLONASS receiver affected by a MES transmitting from another car moving in parallel.
The assumed dis:ance between the GLONASS receiver antenna and the MES was 100
meters. The GLONASS user terminal antenna gain in the direction to an interference
signal is 0 dB.

4.2. Justification of Limitations on MES Primary Emissions in the GLONASS band

The frequency bands 1610 - 1620.61 MHz (up to 1999) and 1610 - 1613.86 MHz
(up to 2005) will be used by the GLONASS system on the primary basis to support
aeronautical users subject to S5.366 (RR Ne 732). Therefore justification of limitations on
the MES primary emissions in the frequency band 1610 - 1626.5 MHz was conducted in
relation to interference scenarios for aeronautical users.

When estimating C/I protection ratio deficit for the GLONASS receivers the
Globalstar (CDMA) and [ridium (TDMA) terminals were used as typical MESs. Table 2
shows assumptions for the above scenarios of interference produced by MESs into
GLONASS aeronautical receivers.

The protection ratio deficit Deficqy estimation for GLONASS receivers was as
follows :
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[. C/1 ratio at the input (front end) of the GLONASS navigation receiver was

calculated as:

C/I:Pmm 'G(B)‘P(‘G1+L‘N'K,

where

K - a factor of relation between signal and interference frequency bands:

K =10 * lg(Bw/Bi).

K=0

for Bi> B,
fOI’ Bf S Bw.

2. The defcit of protection ratio for the GLONASS receiver was calculated as :

DeﬁC/I) = (C/I)per - C/[.

The results are shown in Table 3.

Table 2

Assumptions used for estimating the interference levels to navigation receivers of the

GLONASS aeronautical users

Parameter Parameter Scenarios of interference to
symbol aeronautical users
L[ 2 ] 3 1 4
Minimum level of the GLONASS satellite Pinin -161
signal at the navigation receiver input,
dBW
Permitted C/1 level at the navigation (C/T) per -15(-25)
receiver input for SAS (PAS), dB
Antenna gain for the GLONASS G(6) -6 0 -6 -6
navigation receiver in the direction of
interference source, dB
Average path losses between the
GLONASS receiver antenna and L 80 80 74 72
interference sources, dB
Factor of multiple interference sources, dB N 0
Globalstar/Iridium transmitting earth Pi -2.0/5.0
station power, dBW
Globalstar/Iridium MES antenna gain, dB Gi -1.0/1.0
GLONASS signal bandwidth for Bw 1022 (10220)
SAS(PAS). kHz
Globalstar/Iridium interference signal Bi 1230/31.5
| bandwidth, kHz

Table 3

Calculations results of (Deficm) at the input of GLONASS aeronautical user receiver for

SAS (PAS), dB

Interfering Interference scenarios for aeronautical users
system
1 2 3 4
[ridium 66 72 72 74
(56) (62) (62) (64)
Globalstar 56.2 62.2 62.2 64.2
! s r<n (S0 (SO
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Analysis of results presented in Table 3 shows that in case of co-frequency
operation the level of interference produced by MSS earth stations at the receiver input
would significantly exceed the permitted level.

Due to that it would be appropriate to put MSS systems into operation in the
frequency band 1510-1626.5 MHz with relevant regards to the modifications of the
GLONASS System Frequency Plan and operational lifetime of the developed navigaticn
recetvers (10 years).

Based on actual amplitude-frequency characteristics of the GLONASS receivers
(orthogonality coefficient = [.3 for -40 dB level) the additional protection band is required
between the frequency bands used by GLONASS receivers and MSS transmitters.

Based on the above the MES should not operate in the following frequency bands :
* 1610.0-1625.0 MI'u - up to 1999;
e 1610.0-1615.0MTIu - from 1999 to 2008.

The above limitations should be observed in-line with shown below values for
unwanted emissions of the MSS earth stations out of operational frequency band.

4.3. Justification of Limitations on MES Unwanted Emissions in the GLONASS band

Justification of limitations on the MES unwanted emissions in the GLONASS
frequency bar.d the above interference scenarios for all user types were used. Permitted
value of e.ir.p. for MES unwanted emissions was estimated using the following
formula :

W= Pmin - (C /I)per‘ G(e) + L -N.
Assumptions and calculation results are presented in Table 4.
Table 4

Calculation of permitted levels for unwanted emissions produced by the MSS transmitting
earth stations

Scenarios of interference
Parameter Parameter to various users
symbol

For aeronautical For For

| r2 ( 3 I 4 | maritime fand

Minimum level of the GLONASS
satellite signal at the navigation Prin - 161
recetver input, dBW

Permitted C/I ratio specified for the
receiver in | MHz bandwidth, (C) per -15
dBW/MHz B

Antenna gain fcr the GLONASS 6 . [ } A 0
navigation receiver in the direction of G(®) 0166 6
interference source, dB

Average path losses between the
GLONASS receiver antenna and L 80180 (74 {72 70.5 76.5
interference sources, dB |

Factor of multiple interference
sources, dB N 0

Permitted value for e.i.r.p. of the MSS
transmitters unwanted emissions in | W -601-691-661-68 -69 -69.5
MHz bandwidth, dBW/MHz
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Thus taking into account a staged modification of the GLONASS Frequency Plan
and GLONASS 1eceiver operational lifetime the maximum possible level of MES
unwanted emissions in the GLONASS band should not exceed :

minus 70 dBW in 1 MHz in the band 1592.9525-1620.61 MHz up to 1999;
in the band 1592.9525- 1613.86 MHz from 1999 to 2008;
in the band 1592.9525 - 1609.36 MHz after 2008.

Conclusions

{. The GLONASS system usage in the Radionavigation-Satellite Service and
specifically in the advanced international Global Navigation Satellite System (GNSS) for
navigation support of aircraft and maritime ships as well as for land vehicle position-fixing
stipulates the requirements for comprehensive search and universal implementation of
arrangements for protecting the GLONASS users from interference produced by other
radioservices.

2. Use of the frequency band 1610-1626.5 MGz by terminals MES should be carried
out in view of prctection GLONASS receivers. Therefore the MES should not operate in
the following frequency bands:

e [610.0-1625.0 MHz - up to 1999;

e 1610.0-1615.0 MHz - from 1999 to 2008.

3. The maximum possible level of MES unwanted emissions in the GLONASS band
should not exceed :

minus 70 dBW in 1 MHz in the band 1592.9525- 1620.61 MHz up to 1999;
in the band 1592.9525 - 1613.86 MHz from 1999 to 2008;
in the band 1592.9525 - 1609.36 MHz after 2008.

[t is worth mentioning that the interference scenarios discussed in the contribution
deal with probability of interference to GLONASS receivers from single sources. It is
obvious that rea situations would feature the factor for interference sources (IN) that
would differ from 0.

4. Based on the above it is proposed to modify Annexes |, 2a and 2 b of the PDNR
“Essential Techriical Requirements of Mobile Earth Stations for Non-Geostationary
Mobile-Satellite Service in the Bands | - 3 GHz “. The proposed wording is presented in
the Supplement to the present contribution.

References

I. Doc8D/TEMP/136 of November 06. 1996. Draft New Recommendation [TU-R
M.[XXX] “Consideration for Sharing between Systems of Other Services Operating in
the Bands Allocated to the Radionavigation-Satellite and Aeronautical
Radionaviga:ion Services and the Global Navigation Satellite System (GLONASS-
M)™.

Doc. COM,OPS/95 (ICAQ)

Doc. 8168-OPS/611 (vol. 1) (ICAO)

Doc. 9365-AN/910(ICAO)

IR N



3
SUPPLEMENT

Proposals “or modifications to the Preliminary Draft New Recommendation
“Essential Technical Requirements of Mobile Earth Stations for Global Non- Geostationary Mobile-
Satellite Service in the Bands 1 - 3 GHz”

(Doc.8D/TEMP/144-E)
Modifications to Annex 1
ANNEX 1
Essential Technical Requirements of MES for Global NGSO MSS
Systems in the bands 1 -3 GHz

This Annex contains essential technical requirements for MES terminals of global NGSO MSS systems
operating in the bands | - 3 GHz.The—tables-on-thefollewins—pases—ofthis-Annex—summarize—the
maximum-nawanted emissionrequirements-forsuch-terminals Inadditton-tethese-unwanted emission
reguiremenis-there-isan additional-requirernent-forautomaticshut off features of MES terminals which

These requirements are:

a) restrictions on operation in the frequencv band 1610 - 1626.5 MHz up to 2008.

b) requirements for the MSS terminals unwanted emissions specified in the below tables:
¢) requirements for automatic shut-off features of MSS terminals.

Restrictions on operation in the frequencv band 1610 - 1626.5 MHz:

The frequency band 1610-1626.5 MHz should be used by MES terminals ensuring required protection
of GLONASS receivers. Therefore the MES should not operate in the following frequency bands :

e 1610.0-1623.0 MHz -up to 1999:

e 1610.0-1615.0 MHz - from 1999 to 2008.

Automatic Shut-off Features: The MES shall include a means of identifying whether there is a
malfunctioning processor or other fault in its operation and be capable of automatically shutting down

transmissions in the case of an identified malfunction no later than one second after a malfunction has
been identified.

Throughout this Recommendation, various terms, which are defined in the Radio regulations are used.
In addition to these terms there is an additional essential term which must be defined as follows:

Nominated bandwidta (B,): The B, of the Mobile earth station (MES) radio frequency transmission is
wide enough to encompass all spectral elements of the transmission which have a level greater than the

specified levels of unwanted emissions. The B, is defined relative to the MES actual carrier frequency
£

¢

B, is the width of the frequency interval (f, -a, f, +b), where a and b, which shall be specified by the
terminal manufacturer. may vary with f_.

The frequency interval (f, -a, f, +b) shall not encompass more than either:

i) when a = b, 4 nominal carrier frequencies for narrow-band systems;
1) when a b, | nominal carrier frequency for narrow-band systems; or
1i1) | nominal car-ier frequency for wide-band systems.

The frequency interval (£, -a, f, +b) shall be within the assigned band of the MES.
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TABLE Al

Maximum unwanted emissions outside the band 1 610 to 1 626.5 MHz
and the band 1 626.5 to 1 628.5 MHz_ (NOTE 2)

Frequency Carrier-on
(MHz2) e.i.r.p. Measurement
(dBW) Bandwidth
0.1-30 - 66 10 kHz
30-1000 - 66 100 kHz
1000 -1559 -60 | MHz
(NOTE 3bis)
1559-157342 (TBD] | MHz
(NOTE 3bis)
(NOTE 4)
1573.42-157742 -70 1 MHz
(NOTE 3)
157742 -1590 [TBD] I MHz
(NOTE 3bis)
(NOTE 4)
HS90—-600 BB +MHz
0TS
B85 1618 BB Pz
PCTES) SoTED
oS
1590 - 1610 -70 1 MHz
1610-1626.5 N/A N/A
F(NOTE2)3
16265 -1628.5 N/A N/A
1628. 5 - 1631.5 -60 30 kHz
1631.5-1636.3 -60 100 kHz
1 636.5-1646.5 - 60 300 kHz
1 646.5 -1666,5 - 60 1 MHz
1666.5 - 2200 -60 3 MHz
2200 -12750 -60
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NOTE 2: With the purposes of GLONASS system receivers protection: ‘]
i) the MES should not operate in the following frequency bands :

* 1610.0-1623.0 MHz - upto 1999;

e 1612.0-1615.0 MHz - from 1999 to 2008.
11) The maximum possible level of MES unwanted emissions should not

exceed minus 70 dBW in | MHz in the following bands:
e 1610.0-1620.61 MHz up to 1999;
e 1610.0-1613.86 MHz from 1999 to 2008:

NOTE 3: Averaged over 20 mS
NOTE 3bis: [Average]. Measurement time to be determined.
NOTE 4: The value in this frequency range is bounded by the range -60 to -

Specification

The maximum e.i.r.p. of the unwanted emissions inside the band 1 610.0 to 1 626.5 MHz and the band
1 626.5 to | 628.5 MHz from MESs operating within the band 1 610,0 to 1 626.5 MHz shall not exceed

the limits in tables A1, A2 or A3, as applicable. For non-continuous signals, the measurement shall be
performed over the active part of the burst.

TABLE A2
Maximum unwanted emissions within the allocated band 1 610.0 to 1 626.5 MHz and the band
- 1626.5 to 1 628.5 MHz of MES operating such that the nominated bandwidth is entirely or
partially contained in the frequency band 1 618.25 to 1 626.5 MHz (NOTE 4) (NOTE 5)

Frequency Offset Carrier-on
(NOTE 1)
e.lr.p. Measurement
(NOTE 3) bandwidth
(kHz) (dBW) (kHz)
(NOTE 2)
0to 160 -35 30
160 to 225 -35t0-38.5 30
225 to 650 -38.5t0-45 30
650 to 1 365 -45 30
1365t01 820 -53to-56 30
1 800 to 16 500 - 56 30
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NOTE 1: Frequency offset is determined from:
1) the nearest edge of the nominated bandwidth of the nominal carrier closest to the

MSS system operating in another assigned band within the band 1 610 to

1 626.5 MHz The frequency offset is measured in the direction of the adjacent MSS

system;
1) the upper edge of the nominated bandwidth of the carrier under test for emissions

within the tand 1 626.5 to 1 628.5 MHz.
NOTE 2: The measurement bandwidth used may be 3 kHz if the unwanted e.i.r.p.
limits are reduced correspondingly.
NOTE 3: Linearly interpolated in dBW vs frequency offset.
NOTE 4: The MES shall include means of inhibiting transmissions when necessary to
protect the Radio Astronomy Service in the 1 610.6 - 1 613.8 MHz band from emissions
produced by the MI=S.
NOTE 5: With the purposes of GLONASS svstem receivers protection:
1) the MES should not operate in the frequency band 1618.25-1623.0 MHz up to 1999:
11) The maximum possible level of MES unwanted emissions should not exceed minus 70

dBW in 1 MHz in the following bands:

o 1610.0-1620.61 MHz up to 1999:

! e 1610.0-1613.86 MHz from 1999 to 2008:

TABLE A3

Maximum unwanted emissions within the allocated band 1 610.0 to 1 626.5 MHz and the band 1
626.5 to 1 628.5 MHz of MES operating such that the nominated bandwidth is entirely contained
{ in the frequency band 1 610.0 to 1 618.25 MHz (NOTE 5)

Frequency Offset Carrier-on
(NOTE 1)
e.l.r.p. Measurement
(NOTE 3) bandwidth
(kHz) (dBW) (kHz)
(NOTE 2)
0to 160 -32 30
160 to 2 300 -32tw0-56 30
23000163500 | -56 | 30
NOTE 1: Frequency offset is determined from:
1) the nearzst edge of the nominated bandwidth of the nominal carrier closest to the

MSS system operating in another assigned band within the band 1 610 to 1 626.5 l
MHz The frequency offset is measured in the direction of the adjacent MSS |
system;

i) the upper edge of the nominated bandwidth of the carrier under test for emissions
within the band 1 626.5 to 1 628.5 MHz.

NOTE 2: The measurement bandwidth used may be 3 kHz if the unwanted e.i.r.p.
limits are reduczd correspondingly.

NOTE 3: Linearly interpolated in dBW vs frequency offset.

NOTE 4: The MES shall include means of inhibiting transmissions when necessary

'to protect the Radio Astronomy Service in the 1 610.6 - 1 613.8 MHz band from




